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TITLE OF THE INVENTION 
METHOD FOR FORMING FOOTWEAR STRUCTURES USING THERMOFORMING 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention generally relates to footwear, more particularly, to footwear 
structures and manufacturing methods for forming footwear structures by thermoforming one 
or more layers of material. 

Discussion of the Background 

[0002] A typical athletic shoe includes an upper, a midsole, and an outsole. The upper covers 
and protects the instep, heel, and side portions of the foot and is commonly constructed of 
leather or other natural or synthetic materials (e.g., nylon). The particular sport for which the 
athletic shoe is to be utilized often dictates the material or materials used to constmct the 
upper. For example, for the upper of a basketball shoe, it is often desirable to utilize a heavy 
material such as leather because leather provides more support to the wearer's foot and ankle 
than canvas or nylon. A running shoe upper, however, might be formed almost entirely of a 
synthetic material because such a material is relatively lightweight, breathable, and easy to 
clean. However, a wide variety of materials or combinations of materials might be selected 
for a particular shoe design based upon factors such as cost, current styles and trends, and the 
ability to obtain the desired performance requirements with certain materials, 
[0003] The midsole lies between the upper and the outsole and is provided mainly to cushion 
the heel and forefoot of the wearer. Synthetic materials such as polyurethane (PU), ethyl 
vinyl acetate (EVA), and polyester ethyl vinyl acetate (PEEVA) are commonly used to form 
the midsole. The midsole can be formed in one or more pieces and can also include a wedge 
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or cushioning insert disposed beneath the heel of the wearer to effectively increase the 
amount of cushioning. During assembly, the midsole is typically bonded, either by cement or 
by fusion, to an inner sole assembly (or "sockliner") of the shoe. 

[0004] The outsole comes into direct contact with the ground and is commonly molded from 
an abrasive-resistant material, such as rubber. To provide traction to the wearer, the outsole 
includes geometries of protmsions and recessions designed to increase friction between the 
outsole and the contacting ground. Such geometries are chosen based on the particular 
activities that the shoe is intended to be used for. The outsole is bonded or adhered to the 
bottom surface of the midsole to complete the shoe unit. It can be difficult to precisely define 
the terms sole and midsole, because the terms are not always used uniformly, and the same or 
similar components could be considered as part of a sole or as part of a midsole. For 
example, sometimes the term "sole" is used to encompass both sole and midsole components. 
As used herein, the term "sole" refers to the outermost portion or layer of the shoe which 
contacts the ground in use, while "midsole" refers to a layer or layers above the sole. The 
term "sole assembly" is used generically to refer to one or more sole and/or midsole 
components, and thus, a sole assembly might or might not include a sole or a midsole. Thus 
a "sole assembly" could include only midsole components, only sole components, or both 
sole and midsole components. Where the "sole assembly" as used in the specification and 
appended claims is intended to specifically include certain components, specific reference is 
made thereto. 

[0005] A current process for molding an upper involves backing a composite plastic 
component with a foam material and then pressure- forming the plastic and the foam into a 
desired shape using heat and high pressure. A variation of this foam-backing process 
involves pre-assembling layers of materials and then forming the assembled layer into a 
finished component. 
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[0006] A known process for manufacUiring sole assemblies involves a twin-sheet 
thermoforming process, as described in U.S. Patent No. 5,976,451 to Skaja et al., the 
disclosure of which is hereby incorporated by reference in its entirety. In this process, a 
single footwear structure is formed by the combination of two separate material layers, which 
are separately thermoformed on respective non-mating molds and subsequently attached. 
[0007] The process of twin-sheet thermoforming includes a step of first heating each material 
layer to a forming temperature, which is a temperature at which a material is pliable enough 
to be shaped into a desired form. Then, the softened material layer is positioned on a mold 
having a desired shape. The two molds used in this process are not mating male and female 
molds, but are shaped to separately create different portions of a final component which are 
combined after the portions are formed. The positioning step includes securing the edges of 
each material layer to its respective mold, e.g., by clamps. 

[0008] Each material layer then imdergoes a drawing step, in which the material layer is 
vacuvmi-molded against the mold. The mold is apertured such that a negative or vacuum 
pressvire is created through the forming surface when a drawing device is activated to create a 
vacuum in the mold. Preferably, each material layer has a hot tensile strength adequate to 
allow the material layer to stretch uniformly onto and around the mold. Extemal or positive 
air pressure can be applied to the material layer opposite to the forming surface to assist in 
forcing the material layer firmly into the forming surface. 

[0009] As a result of the drawing step, each material layer assumes the shape of the mold that 
it is positioned over. Each material layer is then allowed to cool on its mold to a set 
temperature, at which the material layer hardens sufficiently to permit removal of the material 
layer fi"om the mold without a resulting deformation. When the material layer belongs to a 
particular class of materials, as discussed below, the assumed shape is permanent under 
normal usage. The two formed layers are then attached to one another (e.g., by gluing or 
welding) and trimmed to a desired component shape. Altematively, the two material layers 
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can be combined while they are still positioned on their molds. This is accomplished by 
bringing the molds toward each other until the material layers contact one another, while both 
material layers are at a temperature allowing adhesion by such resulting pressure. 
[0010] Both of the above-described processes are constrained in several ways. For example, 
each process requires two molds, which must be separately heated and cooled. In addition to 
operating costs, mold costs are very high due to dual-mold requirements, heat dissipation, and 
high-cost mold materials. For durability reasons, molds used in twin-sheet processing must 
be made of steel, which is relatively expensive to cut and is difficult to handle. This cost is 
then multiplied by the number of sizes that will be manufactured for a given shoe design. 
Also, cycle times using a two-mold, twin-sheet process are typically between 60 and 90 
seconds, which is not conducive to mass production. Further, the cost-per-unit is often 
prohibitively high due to the significant costs of multiple materials, the combining/assembly 
process and associated labor, and the costs associated with defects. 

[0011] Further, with respect to the foam-backing process, molded uppers made using this 
method are relatively heavy, due to the combination of materials used. In addition, the 
molded uppers cannot be made breathable by the above-described process itself; additional 
processes are required to create apertures in the molded uppers for this purpose. Such 
additional processes are expensive, time-consuming, and often ineffective or less effective 
than desired. Further, the described process does not allow for the creation of surface 
textures on the molded uppers, as the molding surfaces can not be realistically processed to 
include such texturing, due to the hardness of the mold materials. For the same reason, 
graphics desired on the uppers are limited to the outer-most surface and have no three- 
dimensional quality. Typically, any desired aesthetic or structural attachments are limited to 
those of the stitch-on or adhesive variety. Moreover, undercuts in an upper are not possible 
due to the dual-mold requirement. 
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[0012] Twin-sheet manufacturing processes can also be disadvantageous in not providing 
optimal combinations of structural support, cushioning, and flexibility, while allowing for 
efficient manufacturing, factoring into consideration costs associated with materials, tooling, 
and labor. Also, this process does not provide for the integration of additional insert material 
layers during the thermoforming process such that the insert material layers are heat-bonded 
and vacuum-bonded to the formed component. Further, twin-sheet processing does not allow 
for the use of male-shaped molds in an efficient way. 

BRIEF SUMMARY OF THE INVENTION 
[0013] It is an object of the present invention to avoid or reduce at least some of the above 
problems and/or restrictions by providing a method and apparatus for forming footwear 
structures by using a single sheet thermoforming process. Single sheet thermoforming can be 
used to form a single material layer or can be used to combine two or more material layers to 
form a single composite layer. The present invention also provides advantageous footwear 
structures that have not heretofore been available. 

[0014] In accordance with an aspect of the present invention, a method of manufacturing a 
footwear structure is provided. The method includes a step of overlaying two or more 
material layers such that the two material layers are in contact with one another, with the two 
material layers heated to a forming temperature. The two material layers are then vacuum- 
formed together to form a composite material layer in a three-dimensional form of the 
footwear structure. 

[0015] In accordance with another aspect of the present invention, a method of 
manufacturing a footwear structure is provided. The method includes positioning a first 
material layer and a second material layer on a forming surface of a molding device, where 
the second material layer is positioned between the first material layer and the forming 
surface. The forming surface has a predetermined shape, such as the shape of a footwear 



structure. The first and second material layers are drawn toward the forming sxirface such 
that the first and second material layers conform to a shape of the forming surface. 
[0016] In accordance with further aspect of the present invention, a forming apparatus for 
creating a footwear structure in a single-sheet thermoforming process is provided. The 
forming apparatus includes a molding device having a drawing device configured to create a 
vacuum in an interior space of the molding device. Also included in the molding device is a 
forming surface acting as a boundary of the interior space, with the forming surface including 
an aperture configured to allow air passage and a recessed area. Activation of the drawing 
device creates a vacuum pressure through the aperture such that a material layer positioned 
on the forming surface is drawn against the forming surface and a corresponding portion of 
the material layer permanently assumes the shape of the recessed area. The recessed area is 
shaped such that the corresponding recessed portion of the material layer provides cushioning 
and/or stiffening for a user. 

[0017] hi accordance with a still further aspect of the present invention, a footwear structure 
is provided. The footwear structure includes an upper and a sole assembly attached to the 
upper. The sole assembly includes a first material layer made of a thermoplastic and a 
second material layer attached to the first material layer. The first material layer includes a 
recessed area including a flat support portion, and is transparent or translucent. The second 
material layer includes a portion that is positioned on a surface of the recessed area, and a 
color of the second material layer indicates a location and/or a function of the second material 
layer. 

[0018] In accordance with another aspect of the present invention, a footwear structure is 
provided. The footwear stmcture includes an upper and a sole assembly attached to the 
upper. The sole assembly includes a first material layer made of a thermoplastic, and a 
second material layer heat-bonded and vacuum-bonded to the first material layer. The first 
material layer includes a recessed area configured to provide cushioning or stability for a 



user. The second material layer includes a portion that is positioned on a surface of the 
recessed area. 

[0019] In accordance with yet another aspect of the present invention, an upper footwear 
structure is provided. The upper footwear structure includes a first material layer made of a 
thermoplastic, and a second material layer heat-bonded and vacuum-bonded to the first 
material layer. 

[0020] In accordance with a further aspect of the present invention, a sole assembly is 
provided. The sole assembly includes a first material layer made of a thermoplastic, where 
the first material layer includes a recessed area formed fi-om the first material layer. Also, the 
recessed area includes a flat support portion, a recess opening on a first surface of the first 
material layer, and a recess sidewall connecting the flat support portion to the recess opening. 
[0021] Other features and advantageous aspects of the invention will become apparent fi'om 
the detailed description of embodiments of the invention herein which are provided as 
examples. It is to be understood that various features of the embodiments could be utilized 
independent of other features. In other words, not every feature of each embodiment need be 
incorporated in a given shoe design or a manufactxmng method in practicing the present 
invention. Thus, the illustrated embodiments are intended as examples and are not to be 
construed as limiting. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] The accompanying drawings, which are incorporated in and constitute a part of the 
specification, illustrate presently preferred embodiments of the invention, and together with 
the general description given above and the detailed description of the preferred embodiments 
given below, serve to explain principles and illustrate examples of the invention. 
[0023] FIG. 1 is schematic representation of a forming process using two material layers in 
accordance with an aspect of the present invention. 
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[0024] FIG. 2 is a cross-sectional representation of the positioning step in FIG. 1. 
[0025] FIGS. 3a and 3b are cross-sectional representations of the drawing step in FIG. 1. 
[0026] FIG. 4 is a simplified perspective view of a forming assembly in accordance with 
another aspect of the present invention. 

[0027] FIG. 5 is a cross-sectional representation of a positioning step using the forming 
assembly of FIG. 4. 

[0028] FIG. 6 is a cross-sectional representation of a drawing step using the forming 
assembly of FIG. 4. 

[0029] FIG. 7 is a simplified perspective view of a forming assembly in accordance with a 
further aspect of the present invention. 

[0030] FIGS. 8A and SB are different views of an upper in accordance with an aspect of the 
present invention. 

[0031] FIG. 8C is a detailed view of a positioning step of upper elements shown in FIGS. 8A 
andSB. 

[0032] FIGS. 9 A and 9B are lower svirface views of two inner sole assemblies in accordance 
with aspects of the present invention. 

[0033] FIGS. lOA-lOD are perspective views of middle sole assemblies in accordance with 
aspects of the present invention. 

[0034] FIGS. 1 1 A- 11 D are different views of outer sole assemblies in accordance with 
aspects of the present invention. 

[0035] FIG. 12A and 12B are different views of a cushioning recess in accordance with a 
further aspect of the present invention. 

[0036] FIG. 13 is a side view of a shoe including footwear structures formed in accordance 
with aspects of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0037] Referring now to the drawings, where Uke reference numeral designations identify the 
same or corresponding parts throughout the several views, several embodiments of the 
present invention will now be described. 

[0038] In accordance with a preferred method of manufacturing a footwear structure, such as 
an upper or a sole assembly, a single-sheet, single-face mold, thermoforming process is used 
to create a complete footwear structure. In this way, many of the shortcomings associated 
with the above-described known processes can be avoided. For example, using the preferred 
method, the need to create a mating half-component on an additional mold, as required in 
twin-sheet processing, is eliminated. Also, the process of single-sheet thermoforming can be 
used to create a composite sheet in the form of a footwear structure from two or more 
material layers using only a single forming surface, a concept that is novel to the present 
invention. Further, a typical cycle time for a single sheet process is between 2 and 30 
seconds, which is much faster relative to a twin sheet cycle time. Moreover, the amount of 
pressure necessary to remove a formed structure from a single-face mold in a single-sheet 
process is much less than that which is required in twin-sheet processing. This difference is 
due to the fact that in twin-sheet processing, the formed structure must be removed from two 
opposing molding surfaces. 

[0039] A method for manufacturing a composite component, such as a footwear structure, is 
shown in Figure 1 . In this method, the general concept of thermoforming is adapted to create 
a composite component from two separate material layers using only one forming surface. 
The steps of the process are performed by different components of a forming apparatus, 
which includes a heating device 2, a molding device 4, an optional pressxire xmit 8, and a 
trimming device 1 1 . 

[0040] In Step A, a material layer 10 and a material layer 12 are provided for the 
thermoforming process. The material layers 10 and 12 are shown apart in Figure 1, but 



generally undergo the subsequent steps in contact with one another. Also, the material layers 
10 and 12 can each be separated from a continuous supply of material (e.g., by a cutting 
device) before undergoing any of the thermoforming steps. The material layer 12 can simply 
be overlaid on the material layer 10 during the described process or can be attached to the 
material layer 10 with the use of a bonding agent or any other attaching means known in the 
art of sheet forming. 

[0041] The material layers 10 and 12 are shown in Figure 1 as square-shaped sheets of a 
single size, shape, and thickness, but can alternatively be of any shape and thickness, 
depending on the characteristics desired in the composite structure. For example, the 
material layer 10 can be smaller in size and of a different shape than the material layer 12. 
Figure 1 illustrates two altemative shapes and sizes for the material layer 10. The version of 
shape 10a shows the material layer 10 as a layer shaped to be primarily drawn into the 
recessed area 20a (Step C) of the forming surface 6 only. The shape 10a can also be 
altematively sized such that a portion of the shape 10a is also drawn against a surroimding 
portion of the forming surface 6. 

[0042] In the version of shape 10b, the material layer 10 is arranged as a pre-formed and/or 
rigid structure that fits into the recessed area 20a and, altematively, also against surrounding 
portions of the recessed area 20a. In the case of shape 10b, the material layer 10 can be 
placed into the recessed area 20a before the heating and drawing of material layer 12, When 
the material layer is arranged as the preformed material layer 10b, the heating performed in 
Step B is controlled such that the shape of the material layer 10b is not altered or destroyed. 
Optionally, according to a form preferred for certain shoe structures, the material layer 10 can 
include plural preformed protmsions or recesses, such that when it is combined with the 
material layer 12, the material layer 10 provides a web of inserts that are associated with 
projections or recesses of the material layer 12. 
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[0043] Also, the material layer 10 can also consist of two or more separate sub-sheets, instead 
of the single sheet represented in Figure 1. Further, the material layers 10 and 12 can be of 
different thicknesses, and one or both of the material layers 10 and 12 can be of even or 
imeven thickness, depending on the characteristics desired in the formed structure. The 
material layers 10 and 12 can be made of the same material or of different materials. The 
material layers 10 and 12 can each be made of a thermoplastic material (e.g., thermoplastic 
polyurethane or "TPU"), a thermoset plastic (e.g., thermoset polyurethane), or any other 
formable material suitable for multiple-layer thermoforming (e.g., partial-thermoset plastic). 
[0044] Thermoplastic materials ("thermoplastics") are polymers that can be softened (by 
heating) and hardened (by cooling) multiple times without undergoing any appreciable 
chemical change. An example of a particularly preferred thermoplastic material is 
thermoplastic polyurethane, particularly 94 Shore A thermoplastic polyurethane sheet, which 
is generally around 0.010 inches thick. The thickness of the sheet is selected according to 
design criteria, but will generally range from around 0.040 to around 0.100 inches, depending 
on the particular material properties. For example, particularly preferred thicknesses for 94 
Shore A thermoplastic polyurethane ranges from about 0.060 inches to about 0.080 inches. 
[0045] Li contrast to thermoplastics, thermoset plastics ("thermosets") are more permanently 
rigid once they have been cooled. Both materials, once hardened, have good resistance to 
weather, pressure, and temperature, while still providing a wide range of flexibility. 
[0046] Alternatively, one of the material layers 10 and 12 can be a textile material, leather, or 
any other formable material suitable for high-temperature vacuimi forming. Also, one or 
both of the material layers 10 and 12 can include a graphic design that is maintained 
throughout the forming process. The graphic design can be silk-screened, embroidered, 
embossed, or otherwise transferred to a material layer before or during any of the forming 
steps. For example, a graphic design can be transferred to a material layer through an in- 
mold transfer, in which color detail is first provided on a portion of a forming surface and 
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then transferred to a corresponding portion of the material layer during a vacuum-forming 
step. 

[0047] Further, one or both of the material layers 10 and 12 can be transparent or translucent 
for the purpose of displaying a graphic design, of allowing visibility of another stmcture in a 
final product, or simply as a cosmetic design choice, for example. Where the layers become 
associated with each other upon thermoforming, one of the layers can be porous or include 
apertures so that the layers can be drawn into the mold as they are joined together. The 
provision of apertures/porosity can result from the characteristics of the material itself, and/or 
the apertures/porosity can be added (e.g., with leather-like or vinyl materials) by impaling the 
material. As a further example, one of the layers need not be porous if they have sufficiently 
different sizes such that one of the layers can be drawn against the other without requiring air 
apertures/pores. 

[0048] The material layer 10 is positioned between the material layer 12 and the forming 
surface 6 (Step C) and optionally includes a plurality of apertures 11. The creation of a 
composite structure through single-sheet thermoforming requires the evacuation of air 
between the material layers. Thus, if the material layers 10 and 12 are substantially of the 
same size, the material layer 12 will only be drawn against the forming surface 6 during a 
drawing step if air is permitted to penetrate through material layer 10. Accordingly, in this 
case, the apertures 1 1 are sized, shaped, and arranged such that the material layer 10 is porous 
with respect to the forming surface 6. 

[0049] Alternatively, if the material layer 10 is smaller in size than the forming surface 6 
(e.g., if the material layer 10 is in the form of shape 10a or shape 10b), then inclusion of the 
apertures 1 1 may not be necessary, as the air between the material layers 10 and 12 can be 
evacuated from or around the periphery of the material layer 10. Even if one of the layers is 
relatively small, the use of apertures or pores could be helpful in certain arrangements, for 
example, where the layer is to be deeply drawn into the mold. 
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[0050] In Step B, a heating device 2 increases the temperatures of each of the material layers 
10 and 12 to a forming temperature. In a situation where the material layer 10 is configured 
as one of shapes 10a and 10b, the material layer 10 may not be required to undergo this 
heating step. The material layers 10 and 12 can be transported to a location of the heating 
device 2 by a conveying unit (not shown) or, alternatively, the heating device 2 can be moved 
to a location of the material layers 10 and 12 in the forming apparatus. 
[0051] The heating device 2 can perform heating of the material layers 10 and 12. According 
to a preferred form, the heating device optionally includes a heating array including multiple 
heating elements 3, where each heating element 3 is arranged as a ceramic heater associated 
with its own thermocouple. With this arrangement, each heating element 3 can be 
individually controlled such that different areas of the material layers 10 and 12 can be heated 
to different temperatures. Heating profiles can be programmed into a computer unit (not 
shown) that controls operation of the heating device 2. Altematively, the heating device 2 
can apply heat to the material layers 10 and 12 by any other methods known in the art relating 
to material sheet heating. Also, the heating device 2 is shown in Figure 1 as providing heat to 
the material layers 10 and 12 firom only one direction; however, altematively, a heating 
device 2 can include an additional unit to provide heat to the material layers 10 and 12 fi-om 
an opposite direction or any other direction. By selectively controlling the heating of 
different regions of a sheet, the temperature of a given portion of the sheet can more 
optionally match the shape to which it will be molded. 

[0052] The material layers 10 and 12 are positioned on the forming surface 6 of the molding 
device 4 in Step C. A cutaway view of the positioning step is shown in Figure 2, where the 
material layers 10 and 12 are shown to simply rest against portions of the forming surface 6. 
As with Step B, the material layers 10 and 12 can be transported to the location of the 
molding device 4 or vice versa. Also, altematively, the steps of Step B and Step C can be 
performed concurrently such that the material layers 10 and 12 are heated by the heating 
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device 2 while positioned on the forming surface 6. Further, additional heat can be provided 
to the material layers 10 and 12 via the forming surface 6, which can include integral heating 
elements or can be otherwise heated to soften the material layers 10 and 12. The material 
layers 10 and 12 can be temporarily fixed to the forming surface 6 by clamping components 
or by any other means known in the art. 

[0053] The forming surface 6 can be made of aluminimi, plastic, wood, or any other rigid 
material suitable for high-temperature vacuum forming. Because the forming surface 6 is 
used in single-sheet processing, the use of steel for its manufacture is not required, although 
the forming surface 6 can certainly be made of steel. The forming surface 6 can be shaped as 
any desired form, such as the form of a footwear stmcture, and includes the recessed area 
20a. Altematively, the forming surface 6 can be arranged without the recessed area 20a. The 
recessed area 20a is shaped such that a portion of a material layer drawn against the forming 
surface 6 will assume the shape of the recessed area 20a to form a corresponding recessed 
portion 20b (Step E) in the material layer. In the environment of footwear, the recessed 
portion 20b can be shaped to provide cushioning and/or stability to a wearer. For example, 
the hemispherical form of the recessed portion 20b is shaped to deform and absorb at least 
some of the shock transmitted to the wearer during ordinary use of the shoe in which the 
structure is included. In Figure 1, the recessed area 20a is shown to be on a top portion of the 
forming surface 6; however, altematively, the recessed area 20a can be positioned on a 
sidewall portion of the forming surface 6. 

[0054] The shape of the forming surface 6 as shown in Figure 1 is merely a non-limiting 
example; composite structures of many different geometries can be achieved by using the 
preferred method. For example, the forming surface 6 can be shaped to form various 
footwear structures, such as an upper or a sole assembly. Also, the shape of the recessed area 
20a in Figure 1 serves only as a non-limiting example and can be any desired geometry. For 
example, the recessed area 20a can instead be arranged as a protruding area. 
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[0055] Further, the forming surface 6 can include a surface texture that is transferred to a 
surface of one or both of the material layers 10 and 12 during a drawing step. For example, 
the transferred surface texture can replicate the natural surface texture of another type of 
material, such as leather. Alternatively, or additionally, the material for one or both of the 
layers can be performed with a desired surface texture. Also, the forming surface 6 can 
include an embossed decorative design, such as a corporate logo, that is transferred to a 
surface of one or both of the material layers 10 and 12 during a drawing step. Moreover, a 
portion of the forming surface, such as the recessed area 20a, can be coated with a coloring 
agent such that the drawing step results in a transfer of color from the forming surface 6 to 
one or both of the material layers 10 and 12. 

[0056] The forming surface 6 includes a plurality of apertures 16, which allow airflow 
through the forming surface 6 and which can be of any size or shape suitable for vacuum 
forming. Apertures 16 can be selectively positioned on the forming surface 6 to achieve a 
desired vacuum effect, or can be closely and evenly arranged such that the forming surface 6 
resembles a mesh material. The number, size, shape, and arrangement of the aperture 16 will 
determine the types of materials that can be drawn against the forming surface 6. That is, 
only material layers that are non-porous with respect to the forming surface 6 will be 
vacuum-formed against the forming surface 6 during Step D of Figure 1. 
[0057] The forming surface 6 is arranged as a male mold component in Figure 1; that is, the 
primary shape of the forming surface 6 protrudes away from the molding device 4. However, 
in an altemate embodiment, the forming surface 6 can be arranged as a female mold 
component, in which case the primary shape of the forming surface 6 is recessed toward the 
molding device 4. 

[0058] After the softened material layers 10 and 12 are positioned on the forming surface 6, 
Step D is performed to draw the material layers 10 and 12 against the forming surface 6. In 
this drawing step, as also shown in the cutaway view of Figure 3a, the molding device 4 is 
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operated such that the softened material layer 12 is drawn toward the forming surface 6, 
thereby also drawing the material layer 10, which may or may not be softened by heating, 
toward the forming surface 6. Although the material layer 12 is of a sufficiently low porosity 
such that it can be drawn toward the forming surface 6, the material layer 12 can still possess 
enough porosity to provide utility during the use of a final product incorporating the material 
layer 12. For example, both material layers 10 and 12 can be of porosities high enough such 
that a composite component made from these two layers can provide breathability to a user 
when worn. 

[0059] The drawing of material layers 10 and 12 is accomphshed by creating a vacuum 
within an interior area 14 of the molding device 4 by use of a vacuum unit 18, which 
evacuates any air contained in the interior area 14. The negative or vacuvmi pressure draws 
the material layer 12 toward the forming surface 6 through the apertures 16, thereby 
evacuating any air between the material layers 10 and 12. Again, as explained above, the 
evacuation of air between the material layers 10 and 12 is achieved in this step by the use of 
apertures 1 1 in the material layer 10 or due to the size difference between the material layers 
10 and 12. The direction of air force experienced by material layers 10 and 12 is illustrated 
by arrows 38 in Figure 3a. Optionally, the pressure unit 8 creates a positive air pressure in 
the form of multiple air jets 36 (Figure 3a) toward the forming surface 6, thereby fiirther 
forcing the material layer 12 toward the forming surface 6. 

[0060] Additionally or altematively with respect to the use of the pressure unit 8, an extemal 
plug component 9 can be used to fiirther urge the material layer 12 against the forming 
surface 6 in the recessed area 20a. The plug component 9 need not be applied to the material 
layer 12 with a relatively great amount of pressure, but only enough to ensure fiiU compliance 
with the shape of the recessed area 20a during the drawing step. 

[0061] The drawing step results in the conforming of the material layers 10 and 12 to the 
shape of the forming surface 6, including the recessed area 20a. Even if the material layer 10 
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is porous with respect to the forming surface 6 and does not directly experience the generated 
vacuum pressure, the material layer 10 will conform to the shape of the forming surface 6 due 
its position between the forming surface 6 and the material layer 12. The material layers 10 
and 12 can be permanently adhered to one another as a result of the drawing step, or can be 
easily separated after the drawing step. One situation where the latter case is desirable is 
when only the forming of the material layer 10 is needed, but the material layer 10 is porous 
with respect to the forming surface 6. In this situation, the material layer 12 is used solely as 
a non-porous backing layer, which is removed after the forming of the material layer 10. 
[0062] In the case of permanent adherence, the drawing step creates a permanent bond 
between the material layers 10 and 12, thereby eliminating the need for an additional 
lamination or combining step. The permanent bond is "permanent" in the sense that ordinary 
use of the formed composite structure 15 will typically not result in separation of the material 
layers 10 and 12. The bond between the material layers 10 and 12 acts as both a heat-bond 
and a vacuum-bond. The heat-bond aspect relates to the material interface between the 
material layers 10 and 12 resulting from the heating step, from the contact between the 
material layers 10 and 12, and from subsequent cooling of the material layers 10 and 12. 
That is, the heat-bond forms an adherence regardless of the shapes and conformity of the 
material layers 10 and 12. In addition to the heat-bond is the vacuum-bond, which relates to 
the conformity of both the material layers 10 and 12 to a single shape. The vacuum-bond 
enhances the strength of the heat-bond, especially if geometries built into the forming surface 
6 (e.g., recessed area 20a) are transferred to the material layers 10 and 12 during a drawing 
step and counteract any natural urge for the material layers 10 and 12 to separate. 
[0063] When the material layer 10 is smaller than the forming surface 6, an edge portion 122 
of the material layer 10 is received into the material layer 12 during the drawing step, as 
shown in the detailed cutaway view of Figure 3b. This figure also illustrates that when the 
material layer 10 is smaller than the forming surface 6, the surface of the material layer 12 
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contacting the forming surface 6 is flush with the surface of the material layer 10 contacting 
the forming surface 6. Both of these effects are achieved not only when the material layer 10 
is smaller than the forming surface 6, but also when the material layer 10 includes or forms 
an opening (e.g., with an additional material layer) through which the material layer 12 can 
penetrate and contact the forming surface 6. 

[0064] Step E includes removing the formed composite structure 15 from the forming surface 
6 and trimming the composite structure 15 to remove any excess material, such as the trim 
material 156 shown in Figure lOD. For purposes of illustration, the composite structure 15 is 
shown in an inverse position, where the recessed area 20b is shown as a protrusion. The 
composite structiu-e 15 is removed from the forming surface when its form has set, which 
occurs when the composite structure 15 cools to a specific temperature. The composite 
structure 1 5 can undergo unassisted cooling during this step or can be exposed to cooling 
elements such as Peltier elements, for example. When the material layers 10 and 12 are 
formed from thermoplastic polyurethane, the necessary time for cooling and setting is 
relatively short, and the resulting composite structure 15 is flexible even when set, such that it 
can be easily removed from the forming surface 6 even if the geometry of the forming surface 
6 includes side undercuts. 

[0065] The trimming step is performed after the composite structure 15 is removed from the 
forming surface 6. The trimming device 1 1 performs the trimming step with a cutting 
element 13, which caii be arranged as a knife-edged component, a laser beam, or any other 
means suitable for trimming sheet material. The fimction of the trimming device 1 1 can be 
aided by the use of a trimming groove 5 (Step C of Figure 1), the form of which can be 
included in the forming surface 6 and transferred to one or both of the material layers 10 and 
12 during the drawing step. When the composite structure 15 includes a transferred trimming 
groove, the cutting element 13 trims the composite structure 15 along the transferred 
trimming groove. 
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[0066] Step E can also include other processing steps that can be performed before, during, or 
after the trimming step. For example, traction components (such as rubber elements) can be 
adhered to a surface of the composite structure 15. Altematively, a traction layer can be 
created on a siu"face of the composite structure 15 by, for example, spraying rubber or any 
other traction-providing material on the surface of the composite structure 15. The spraying 
of a traction-layer onto the composite structure 15 can also obviate the need to add an 
additional insert material layer (as described below and shown in Figure 7). That is, a 
sprayed-on traction material may provide a sufficient amount of cushioning and/or structural 
support desired in a structure without the use of insert material layers. Also, the sprayed-on 
traction-providing material can additionally provide high abrasion resistance and/or be used 
as a decorative addition to the overall structure. A graphic design, such as a separately 
formed emblem or symbol, can be attached to the composite structure 15 anytime after the 
drawing step by contact-printing, spraying, or any other suitable process. Moreover, a lining 
component, such as a metal or plastic gasket, can be attached to the trimmed edge of the 
composite structure 15 for cosmetic and/or ftmctional purposes. 

[0067] In Figure 4, an aspect of the present invention is shown where both material layers 10 
and 12 are porous with respect to the forming surface 6. The material layers 10 and 12 can be 
of the same or different porosities. In this case, an additional, non-porous backing material 
layer 22 is required to form material layers 10 and 12 against the forming surface 6. The 
backing material layer 22 can be a thin sheet of silicon rubber, for example, or any other type 
of non-adhesive, non-porous material suitable for the preferred method. 
[0068] As shown in Figure 5, the material layers 10 and 12 are placed between the forming 
surface 6 and the material layer 22 before a drawing step. During the drawing step, as 
described above with respect to Step D of Figure 1, the material layer 22 is drawn toward the 
forming surface 6, thereby also forcing material layers 10 and 12 against the forming surface 
6, as shown in Figure 6. Due to the characteristics of material layers 10 and 12, these layers 
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are fused together in a shape conforming to that of the forming surface 6, as described above. 
However, the material layer 22 is used only for the purpose of providing a non-porous 
backing layer and does not adhere to the material layer 12. After material layers 10 and 12 
are formed together, the material layer 22 is removed from the resulting composite 
component, as shown in Figure 6, 

[0069] Figure 7 shows additional components that can be added to the configurations of 
Figures 1 and 4. These components include a textile layer 24; insert material layers 26, 28, 
30, and 32; and a graphic design 34. In the Figure 7 example, the additional material layer 22 
is only used when the material layer 12 is porous with respect to the molding device 4. 
[0070] The textile layer 24 can be made of nylon mesh or any other textile material suitable 
for a thermoforming process. The textile layer 24 is placed between the material layers 10 
and 12 and can be used to provide elasticity, flexibility, moisture absorption, or any other 
function related to the characteristics of the chosen textile material. Further, the textile layer 
24 can include a graphic design 34, which can be printed or otherwise attached to the textile 
layer 24. In this case, one or both of the material layers 10 and 12 can be at least partially 
transparent so that the graphic design 34 can be viewed when a final product is complete. 
During a drawing step, the textile layer 24 is encapsulated between material layers 10 and 12. 
The textile layer 24 can adhere to one of the material layers 10 and 12 during the drawing 
step, or can be trapped within the composite component solely due to the adhesion between 
the material layers 10 and 12. 

[0071] The insert material layers 26, 28, 30, and 32 can be used to provide additional 
stmctural support, cushioning support, aesthetic appeal, or any other characteristic desired in 
a composite structure. The insert material layers can be shaped in any desired geometry and 
can be made of thermosets, thermoplastics, or any injectable materials suitable for the 
preferred method. Further, each insert material layer can be perforated to provided 
breathability and can adhere to one of the material layers or the textile layer 24 during a 
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drawing step. Additionally or alternatively, with regards to structural and cushioning 
support, an insert material layer can be a sealed component filled with a gas or liquid 
specifically selected to provide a support fimction. Also, similar to the textile layer 24, each 
insert material layer can include a graphic design, in which case one or both of the material 
layers 10 and 12 can be at least partially transparent so that the graphic design can be viewed 
when a final product is complete. Moreover, each insert material layer can be of a different 
color firom other portions of a formed composite structure. The coloring of an insert material 
layer can indicate the location of the insert material layer within the composite stmcture (e.g., 
in the situation when one of the material layers is transparent or translucent) and the fimction 
of the insert material layer (e.g., increasing the stability of a portion of the composite 
structure where the insert material layer is located). 

[0072] In Figure 7, the insert material layers 26, 28, 30, and 32 are respectively positioned in 
the following positions: between the forming surface 6 and the material layer 10, between the 
material layer 10 and the textile layer 24, between the textile layer 24 and the material layer 
12, and between the material layers 12 and 22. A composite structure can contain one, some, 
or all of the insert material layers 26, 28, and 30, and multiple insert material layers can be 
positioned in any of the various locations (e.g., two. or more of the insert material layers 28 
can be placed between the material layer 10 and the textile layer 24). Also, when the textile 
layer 24 is not required, one or both of the insert material layers 28 and 30 can be placed 
directly between the material layers 10 and 12. The non-hmiting example of Figure 7 
illustrates the insert material layers 26, 28, 30, and 32 to be in Une with one another above the 
recessed area 20a. Of course, these layers can be positioned in any arrangement to achieve a 
desired effect in a formed composite stmcture. For example, one of the insert material layers 
can be positioned such that the formed composite structure includes the insert material layer 
in a sidewall portion of the fomied composite structure for purposes of cushioning and/or 
stabilizing. 
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[0073] By the preferred method, a nearly endless variety of composite components can be 
created. For example, while the material layers 10 and 12 and the textile layer 24 are shown 
to be identically and rectangularly shaped, each of these layers can be shaped in any desired 
geometries, including geometries with cut-out portions. By thermoforming multiple layers of 
material together in accordance with the preferred method, the deficiencies of current 
molding processes are avoided. For example, the preferred method does not require separate 
steps of lamination, stitching, or perforation, creating an unlaminated and breathable layering 
of materials that is lightweight, flexible, and inexpensive. 

[0074] Some examples of composite footwear components that can be formed by the 
preferred method are described below. 

[0075] A component that can be formed using the above-described process is an upper 39, as 
shown in Figure 8 A and 8B. The upper 39 includes an inner material layer 40, an insert 
material layer 44, and an outer material layer 42, which have been combined and formed 
together in accordance with an aspect of the preferred process. When a male mold device is 
used, the material layers 40, 44, and 42 can respectively correspond to the material layers 12, 
24, and 10 in Figure 7. Li a female mold configuration, the material layers 40, 44, and 42 can 
respectively correspond to the material layers 10, 24, and 12 in Figure 7. In both case, the 
forming surface 6 shown in Figure 7 would be shaped as the upper 39 (outer surface for a 
male mold, and inner surface for a female mold). Alternatively to the examples shown in 
Figures 8 A and 8B, the upper 39 can include only the material layer 42 and the material 
layers 50, 52, and 54 attached to it. 

[0076] The material layer 40 is made of a synthetic material, such as non-porous TPU, while 
the material layer 44 is a textile material, such as nylon. The material layer 42 can be non- 
porous (i.e., with respect to a forming surface used to form the upper 39) or porous, in which 
case the forming of the upper 39 requires the use of a non-porous backing material layer, 
such as material layer 40, in the case where a male mold is used. 
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[0077] Additional material layers 50, 52, and 54 can be used for structural support and/or for 
aesthetic purposes. Each of the material layers 50, 52, and 54 can be made of a 
thermoplastic, a thermoset, or any other natural or synthetic material that is formable by the 
preferred method. Also, each of the material layers 50, 52, and 54 can be porous or non- 
porous, depending the on the desired function of the component in the finished shoe unit. 
[0078] As each of the material layers 50, 52, and 54 are smaller than the forming surface used 
to create the upper 39, they do not need to be apertured when a male mold is used, for reasons 
discussed above. In this situation, each of the material layers 50, 52, and 54 are first 
positioned onto a forming surface before the non-porous material layer 42 is overlaid on the 
material layers 50, 52, and 54. By using a male mold, a surface texture of a forming surface 
can be transferred to at least one of the material layers 42, 50, 52, and 54 while retaining high 
transparency for any of the material layers that are transparent before the thermoforming 
process. The use of a male mold for the upper 39 can also result in special surface effects 
discussed with regards to Step D of Figure 1 . For example, edge portions of the material 
layers 50, 52, and 54 can recess into the material layer 42, thus achieving the flush effect 
shown in Figure 3b. 

[0079] Also, the illusion of a hidden seam between material layers can be achieved in the 
upper 39. For example, if the material layers 52 and 50 do not overlap, but contact one 
another at a contact seam 53, this special surface effect can be created, as shown in Figure 
8C. In this figure, the forming surface 6 used to create the upper 39 includes a seam groove 
55, which protrudes outwards fi-om the forming surface 6. Due to the shape of the seam 
groove 55, the edge portion 57 of the material layer 52 and the edge portion 51 of the 
material layer 50 are positioned in such a way that they are tumed away fi-om each other and 
fi-om the outer surfaces of the material layers 50 and 52. During a drawing step, the material 
layer 42 is heat-bonded and vacuum-bonded to the material layers 50 and 52 such that the 
edge portions 51 and 57 are permanently fixed in this position. When the formed upper 39 is 
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removed from the fomiing surface 6, the edges of the material layers 50 and 52 at the contact 
seam 53 appear to be connected by invisible stitching. 

[0080] The upper 39 includes an insert material layer 46 which can correspond to 
components 30 or 28 in Figure 7; that is, the insert material layer 46 can be positioned 
between the material layers 40 and 44 or between the material layers 44 and 42. The insert 
material layer 46 includes apertures 48 arranged such that the insert material layer 46 is 
porous with respect to a forming component that is used to form the insert material layer 46. 
Also, the insert material layer 46 can be made of a thermoset, a thermoplastic, or any other 
synthetic or natural material that can be formed in accordance with the preferred method. 
The insert material layer 46 can be shaped to provide structural support and/or protection for 
a user's foot. Altematively, one of the material layers 50, 52, and 54, which are located on an 
exterior surface of the upper 39, can be configured to provide such structural support and/or 
protection. 

[0081] The upper 39 also includes recessed areas 43, which are three-dimensional geometries 
transferred from the forming surface used to create the upper 39 to the material layers of the 
upper 39. Each recessed area 43 is shaped to provide cushioning and/or stability to a wearer, 
who contacts the flat portions 45 of each recessed area 43 during use of the shoe in which the 
upper 39 is included. In the example of Figures 8 A and 8B, the recessed areas 43 provide 
cushioning and/or stability to the ankle portions of a wearer. 

[0082] Figures 9A and 9B respectively show two different inner sole assemblies that can be 
manufactured by the preferred method , e.g., the forming surface 6 of Figure 1 would include 
the geometries shown in Figures 9A and 9B. Each of the inner sole assemblies 56 and 58 are 
made of a single sheet of material formed by the preferred method and can be made of any 
natural or synthetic material that is formable by the preferred method. For example, each of 
inner sole assemblies 56 and 58 can be made of TPU. Altematively, each of the inner sole 
assemblies 56 and 58 can be made of two or more material sheets by the preferred method 
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and can also include insert material layers for additional structural support or cushioning, as 
described above with respect to the preferred method. Further, each of the inner sole 
assemblies 56 and 58 can be manufactured by any method other than the preferred method 
that can produce the desired geometries shown in Figure 9 A and 9B. 

[0083] Both the inner sole assemblies 56 and 58 are shown from their lower sides, which are 
configured to contact uppers surfaces of midsoles. Each of the upper sides of the inner sole 
assemblies 56 and 58 (not shown) is arranged to attach to a textile component that is designed 
to contact the bottom of a wearer's foot and to absorb shock and perspiration. 
[0084] The inner sole assembly 56 includes a forefoot portion 60a that includes a plurality of 
radial recesses 57 forming a plurality of radial channels 64 and a plurality of elliptical 
channels 66. Each radial recess 57 is recessed away from a wearer of the shoe in which the 
inner sole assembly 56 is inserted. Each of the radial channels 64 is connected to at least one 
of the elliptical channels 66 such that the forefoot portion 60a is easily deflected and such that 
heat generated by a user can be dissipated across the surface of the forefoot portion 60a 
through the channels. An instep portion 60b of the inner sole assembly 56 includes a 
plurality of latitudinal channels 68, and a heel portion 60c includes a plurality of semi- 
circular channels 70 that are positioned along a periphery of the heel portion 60c. The 
latitudinal channels 68 and the semi-circular channels 70 also provide deflection and heat 
dissipation. 

[0085] The inner sole assembly 58 includes a forefoot portion 62a including a plurality of 
recesses 59a that are configured to form first radial channels 64 (which extend from a 
periphery of the forefoot portion 62a towards the center of the forefoot portion 62a) and first 
elliptical channels 66 (which surround the center of the forefoot portion 62a). The inner 
sole assembly 58 also includes an instep portion 62b including a plurality of latitudinal 
channels 68. The heel portion 62c includes a plxu-ality of recesses 59b that are configured to 
form second radial channels 72 and second elliptical channels 74. Unlike the radial recesses 
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57 of the inner sole assembly 56, recesses 59a and 59b are recessed towards a wearer of the 
shoe in which the inner sole assembly 58 is inserted. 

[0086] Figures lOA and lOB illustrate a middle sole assembly 76 that can be formed by the 
preferred method, e.g., the forming surface 6 shown in Figure 1 would include the geometries 
shown in Figures lOA and lOB. The sole assembly 76 can be made of a thermoplastic (such 
as TPU), a thermoset, or any other synthetic material that is formable by the preferred method 
and that exhibits sufficient strength and flexibility associated with the intended use of the 
finished product. 

[0087] The sole assembly 76 includes a forefoot portion 78a, an arch portion 78b, and a heel 
portion 78c, which are shown on a bottom surface 90 and a top surface 92 in Figures IDA and 
lOB, respectively. The sole assembly 76 includes a sidewall 81 that can extend aroimd the 
periphery of the sole assembly 76 fi*om one side of the forefoot portion 78a to the opposite 
side, as shown in Figures IDA and lOB. The sidewall 81 is shaped to attach to an upper 
component and can extend farther up an upper component than is shown in the figures. For 
example, the sidewall 81 can be shaped such that portions of it extend to a lacing portion of 
the attached upper. 

[0088] The forefoot portion 78a is correspondingly shaped to the forefoot of a human foot. 
The forefoot portion 78a includes a toe tab 77 that is configured to attach to an upper 
footwear structure and to protect the upper footwear structure fi*om wear. The forefoot 
portion 78a also includes a plurality of axial recesses 82 situated between two rows of 
peripheral recesses 80. For the purposes of describing Figures lOA and lOB, the term 
"recess" refers to a physical feature of the sole assembly 76 that recesses away fi-om the 
bottom surface 90 and toward a wearer of the shoe in which the sole assembly 76 is included. 
That is, each recess of the sole assembly 76 has an opening on the bottom surface 90. Each 
of the recesses described below is arranged to provide at least one of cushioning, structural 
support, and deflection of a portion of the sole assembly 76. 
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[0089] Each one of the axial recesses 82 and the peripheral recesses 80 includes a flat support 
portion 87 including rounded comers. As an alternative to the illustrated example, the 
support portion 87, and any other support portion described in this disclosiu-e, can include 
some amount of curvature such that it is at least partially concave or convex with respect to a 
wearer's foot. The axial recesses 82 are formed along a longitudinal axis of the forefoot 
portion 78a (i.e., substantially along the x-axis of Figures lOA and lOB) and have 
trapezoidal-shaped bottom portions, while the peripheral recesses 80 are formed near the side 
edges of the forefoot portion 78a and have triangular-shaped bottom portions. For purposes 
of structural support, each peripheral recess 80 has a width Wi that decreases from an interior 
portion of the forefoot portion 78a (i.e., the portion of the forefoot portion 78a including the 
axial recesses 82) to a width W2 near an outer edge of the forefoot portion 78a. 
[0090] The arch portion 78b is located between the forefoot portion 78a and the heel portion 
78c and is designed to provide support to the arch portion of a human foot. The arch portion 
78b includes a plurality of arch recesses 88 that have parallel longitudinal axes arranged 
along the x-axis of Figures lOA and lOB. Each arch recess 88 includes a flat support portion 
87 with rounded comers. 

[0091] The heel portion 78c is designed to provide support to the heel portion of a human 
foot and includes a plurality of heel recesses 84, each of which includes a flat support portion 
87 with rounded comers. Further, each heel recess 84 is triangular-shaped to provide 
stiffening support. 

[0092] Each of the peripheral, axial, and heel recesses includes a recess sidewall 83 that 
connects the flat support portion 87 to the recess opening. Each recess sidewall 83 includes 
an amount of curvature that can extend from the recess opening to the flat support portion 87 
(i.e., the entire length of the recess sidewall is radiussed) or only extends to a particular 
location on the recess sidewall 83 (e.g., the lines labeled 85 in Figures lOA and lOB). In the 



27 



former case, a compliant deflection curve can be achieved upon the introduction of a load on 
the flat portion 87 of a recess. 

[0093] The sole assembly 76 includes side recesses 79, which are formed in the sidewall 81 
of the sole assembly. Each of the side recesses 79 includes a flat portion that is configured to 
support a moderating component. Altematively, each side recess 79 can be positioned and 
shaped such that it interfaces with a corresponding protruding area on another footwear 
structure, such as an upper footwear structure. 

[0094] The sole assembly 76 is formed by the preferred method to include an insert material 
layer 86, which can be made of a thermoplastic, a thermoset, or any other material that can be 
integrally formed with the sole assembly 76 to provide additional stiffening support. The 
insert material layer 86 is shown separate from the sole assembly 76, but is actually heat- 
bonded and vacuum-bonded with a portion of the sole assembly 76 during the drawing step 
of the preferred method, as described above. Also, the insert material layer 86 is shown to 
correspond to the shape of one of the heel recesses 84, but can altematively or additionally be 
formed over any other feature of the sole assembly 76. For instance, a single insert material 
layer can be adhered to multiple recesses, to any surfaces located between recesses, and/or to 
additional surfaces svuxounding the recesses (e.g., sidewall surfaces). Also, altematively, the 
insert material layer 86 can be shaped such that it is bonded to only a portion of a recess (or 
portions of recesses), e.g., along a recess sidewall 83 and not along a support portion 87. 
[0095] Moreover, multiple insert material layers can be used at different portions of the sole 
assembly 76 to provide additional support where desired. When the sole assembly 76 is 
transparent or translucent, the different insert material layers can be color-coded according to 
function and location. In this way, a single molding device 4 can be used to create midsoles 
based on one midsole mold design, but with varying areas of reinforced support. 
[0096] Further, the sidewalls 81 of the sole assembly 76 can be strengthened by the addition 
of one or more insert material layers, which can be colored to indicate the location of the 
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increased stiffening. Insert material layers can also be used for purposes of cushioning, in 
addition to or alternative to stabilizing. The insert material layers can be adhered to only a 
portion of the sidewalls 81 or to entire surfaces of the sidewalls 81. 

[0097] Figures IOC and lOD illustrate another embodiment of a middle sole assembly that 
can be formed by the preferred method. The sole assembly 114 includes many general 
features of the sole assembly 76, and the differences between the two are mostly geometrical 
in nature. Features of the sole assembly 76 can be combined with the features of the sole 
assembly 114, and vice versa. 

[0098] Similarly to the sole assembly 76, the sole assembly 114 includes a forefoot portion 
1 16a, an arch portion 1 16b, and a heel portion 1 16c. Like the different portions of the sole 
assembly 76, each of these portions includes multiple recesses. 

[0099] The forefoot portion 1 16a includes a toe recess 119 and plurality of forefoot recesses 
118. Figure IOC illustrates a single toe recess 119 and eighteen forefoot recesses 118, but 
these quantities can of course be altered to suit various product applications. The toe recess 
1 19 is positioned in the forwardmost region of the forefoot portion 1 16a and includes a flat 
support portion 121 shaped to receive the front portion of a moderator or another assembly. 
Each forefoot recess 118 includes a flat support portion 120 that is circular or semi-circular in 
periphery and is shaped to receive the forefoot portion of a moderator or other assembly. 
Also, each forefoot recess 118 also includes a recess opening 122 on the bottom surface 1 17a 
of the sole assembly 114, and each recess opening 122 is connected to the corresponding 
support portion 120 by a recess sidewall 124. The recess openings 122 can be of various 
shapes, depending on the locations of the associated forefoot recesses 118. For cushioning 
purposes, each recess sidewall 124 includes an amount of curvature between the recess 
opening 122 and the support portion 120. The default amoxmt of radii in the curvature can 
vary depending on application, and the curvature can extend throughout the length of the 
recess sidewall 124 or only a portion of it. 
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[00100] The forefoot recesses 118 are separated into rows by a number of grooves 126, 
which extend across the bottom surface 1 17a from one edge of the forefoot portion 1 16a to 
the opposite edge. The grooves 126 are configured to provide added flexibiUty in the 
forefoot portion 1 16a. Although Figure IOC illustrates the grooves 126 as straight lines, the 
grooves 126 can altematively include angular or curved shapes. 

[00101] The arch portion 1 16b includes a plurality of arch recesses 128, which are arranged 
and shaped in a manner similar to the arch recesses 88 of the sole assembly 76. 
[00102] The heel portion 1 16c includes a plurality of heel recesses 130, which are shaped and 
configured similarly to the forefoot recesses 118. The heel portion 1 16c also includes 
grooves 132, each of which includes an angular section. Altematively, grooves 132 can 
include curved sections or can be substantially straight from one side of the heel portion 116 
to an opposite side. 

[00103] The sole assembly 114 can be formed to include an insert material layer similar to 
the insert material layer 86 shown in Figure lOB. As with the sole assembly 76, such a layer 
can be formed to reinforce not only the various recesses of the sole assembly 114, but any 
other portions as well. 

[00104] Figures 1 1 A-1 ID illustrate an outsole 94 including a forefoot portion 96a and a heel 
portion 96b, shown from a bottom surface 1 12 in Figure 1 1 A. The forefoot portion 96a and 
the heel portion 96b are shown as separate components, but the outsole 94 can be 
altematively formed such that these portions are a unitary component. The outsole 94 is 
made of rubber or any other abrasive-resistant material, such as rubber. The outsole 94 can 
be formed by the preferred method or any other process known in the art. Also, the outsole 
94 can include insert material layers combined with any portion of the forefoot portion 96a or 
the heel portion 96b where additional support is desired, as described above with respect to 
the sole assembly 76. Moreover, Figures 1 1 A-1 ID show the outsole 94 as including a tread- 
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and-recess pattern, as described below, but can be alternatively formed to include a different 
traction-providing pattern or be completely flat on the bottom surfaces 1 12a and 1 12b. 
[00105] The forefoot portion 96a includes a plurality of treads 98a on the bottom surface 
1 12a, The treads 98a are arranged as staggered, diagonal protrusions for providing traction to 
the wearer of the finished shoe unit. A plurality of edge treads 1 10 are arranged along the 
periphery of the forefoot portion 96a, also for the purpose of providing traction to a user. 
Positioned along the longitudinal axis 104 of the forefoot portion 96a are a plurality of axial 
recesses 100, which are used to align the forefoot portion 96a to a forefoot portion of a 
midsole and to provide deflection of the forefoot portion 96a, The axial recesses 100 are 
surrounded by the treads 98a on the bottom surface 1 12a. Each axial recess 100 has an 
opening on the bottom surface 1 12a surrounded by a peripheral groove 106, shown in detail 
in the cross-sectional view of Figure 1 IC. Each peripheral groove 106 provides for 
deflection of the forefoot portion 96a and for ease of color separation during a coloring 
process. Also, each axial recess 100 includes a protrusion 108a, which aids in removing mud 
or dirt during and after usage of the finished shoe unit. 

[00106] The heel portion 96b includes a plurality of treads 98b on the bottom surface 1 12b. 
Like the treads 98a, the treads 98b are arranged as staggered, diagonal protrusions for 
providing traction to the wearer of the finished shoe unit, A plurality of edge treads 110 are 
arranged along the periphery of the heel portion 96b, also for the purpose of providing 
traction to a user. Positioned on the bottom surface 1 12b are a plurality of heel recesses 102, 
which are used to align the heel portion 96b to a heel portion of a midsole and to provide 
deflection of the heel portion 96b. The heel recesses 102 are surrounded by the treads 98b on 
the bottom sxnface 1 12b. Also, each heel recess 102 includes a protrasion 108b, which aids 
in removing mud or dirt during and after usage of the finished shoe unit. 
[00107] Figures 12A and 12B show different views of an altemative cushioning recess 146 
that includes a curved sidewall 148 and a chamfered sidewall 150. Unlike the surfaces of 
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other recesses discussed above, the chamfered sidewall 150 is completely planar and does not 
include any amount of curvature between the recess opening 152 and the flat support surface 
154. Ahematively, the recess 146 can include more than one chamfered sidewall in a 
configuration depending on product application. The cushioning recess 146 can be 
substituted for any of the recesses discussed above with respect to exemplary embodiments of 
the present invention. 

[00108] Figure 13 illustrates a complete shoe assembly 134 that includes footwear structures 
formed in accordance with the above-described aspects of the present invention. The shoe 
assembly 134 includes an upper 134, an inner assembly 136, a sole assembly 138, and outer 
sole structures 140a and 140b. The upper 134 is attached to the sole assembly 138 at an 
overlap portion 142 by an adhesive material, stitching, or any means known in the art. The 
sole assembly 138 is attached to the second sole structures 140a and 140b by an adhesive 
material, riveting, or any other means known in the art. The moderating component 136 is 
placed within the upper 134 and on a top surface of the sole assembly 138. The inner 
assembly 136 can be permanently adhered to the sole assembly 138 (e.g., by an adhesive 
material) or can be a removable component of the shoe assembly 134. 
[00109] The upper 134 can be formed in the manner described above for creating upper 39 
(Figures 8 A and 8B). Altematively, the upper 134 can be formed by conventional processes 
(e.g., twin-sheet molding, stitching, etc.) and out of common footwear materials such as 
leather and nylon. 

[00110] The sole assembly 138 can be formed in the manner described above for creating 
sole assembly 1 14 (Figures IOC and lOD). As shown in Figure 13, the sole assembly 138 
includes insert material layers 144. The sole assembly 138 is translucent or transparent in 
this embodiment, such that the insert material layers 144 are highly visible if they, or the 
recesses they reside in, are colored to contrast with the color of the sole assembly 138. This 
effect can not only be cosmetically appealing, but also useful to a consumer interested in the 
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portions of the shoe assembly 138 that provide additional cushioning and support. With 
respect to the overlap portion 142, the bottom portion of the upper 134 is visible through the 
sidewall of the sole assembly 138 creating the overlap when the sidewall is on the exterior 
side of the overlap portion 142, 

[00111] The visible surface of the inner assembly 136 is a perspiration-absorbing textile 
material, the underside of which is attached to a sole structure that can be formed in the 
manner described above for creating assemblies 56 and 58 (Figures 9A and 9B). The outer 
sole structures 140a and 140b can be formed in the manner described above for creating 
portions 96a and 96b (Figure 1 1 A). Further, the outer sole structures 140a and 140b can be 
adhered to the sole assembly 138 during a forming process, for example, by using a female 
mold and inserting the outer sole structures 140a and 140b in the mold prior to positioning 
the material used to create the sole assembly 138 in the mold. Altematively, the outer sole 
structures 140a and 140b can be attached to the sole assembly 138 by applying an adhesive 
material or any other post- forming attaching method known in the art. 
[00112] It will be appreciated by those skilled in the art that the present invention can be 
embodied in other specific forms without departing fi-om the spirit or essential characteristics 
thereof. For example, the various embodiments of the present invention can be applied not 
only to the manufacture of footwear structures, but of any structures that are used to provide 
support and/or cushioning, such as product packaging inserts. 

[00113] Therefore, the presently disclosed embodiments are therefore considered in all 
respects to be illustrative and not restrictive. The scope of the invention is indicated by the 
appended claims rather than the foregoing description and all changes that come within the 
meaning and range and equivalents thereof are intended to be embraced. 
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